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Responsive to Sync Pulse Indicative of Coincident Edges Between
an Inverted First Clock Signal and a Second Clock Signal,
Determining Sync Ratio, Cycle and Sequence
Information by Bus Clock Synchronizer Controller and
Generating Synchronizer Control Signals Based Thereon

Providing Sync Ratio, Cycle and Sequence 804
Information to Core Clock Synchronizer Controller

Responsive to Information Provided by Bus Clock

802

Synchronizer Controller and to Sync Pulse, Determining Core 300
Domain’s Cycle and Sequence Information by Core Clock
Synchronizer Controller
Based on Skew State and Configuration, Generating 808

Synchronizer Control Signals Using Sync Ratio, Cycle
and Sequence Information by Core Domain’s Controller

FIG. 8
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CONTROLLER FOR CLOCK
SYNCHRONIZER

CROSS-REFERENCE TO RELAT
APPLICATION(S)

T
»

This application discloses subject matter related to the

subject matter disclosed 1n the following commonly owned
co-pending patent applications: (1) “PROGRAMMABLE

CLOCK SYNCHRONIZER,” filed Jul. 30, 2003, application
Ser. No. 10/630,159, 1n the name(s) of: Richard W. Adkisson;
(1) “CONTROLLER ARRANGEMENT FOR A PRO-
GRAMMABLE CLOCK SYNCHRONIZER,” filed Jul. 30,
2003, application Ser. No. 10/630,182, 1n the name(s) of:
Richard W. Adkisson; (i) “SYSTEM AND METHOD FOR
SYNCHRONIZING MULTIPLE SYNCHRONIZER CON-
TROLLERS,” filed Jul. 30, 2003, application Ser. No.
10/629,989, 1n the name(s) of: Richard W. Adkisson; (1v)
“SYSTEM AND METHOD FOR MAINTAINING A
STABLE SYNCHRONIZATION STATE IN A PROGRAM-
MABLE CLOCK SYNCHRONIZER,” filed Jul. 30, 2003,
application Ser. No. 10/630,297, 1n the name(s) of: Richard
W. Adkisson; (v) “SYSTEM AND METHOD FOR COM-
PENSATING FOR SKEW BETWEEN A FIRST CLOCK
SIGNAL AND A SECOND CLOCK SIGNAL,” filed Jul. 30,
2003, application Ser. No. 10/630,317, 1in the name(s) of:
Richard W. Adkisson; (vi1) “PHASE DETECTOR FOR A
PROGRAMMABLE CLOCK SYNCHRONIZER, ” filed
Jul. 30, 2003, application Ser. No. 10/630,298, in the name(s)
of: Richard W. Adkisson; and (vi1) “CLOCK SYNCHRO-
NIZER,” filed Jul. 29, 2004, application Ser. No. 10/901762,
in the name(s) of: Richard W. Adkisson, Gary B. Gostin, and
Christopher Greer, all of which are incorporated by reference
herein.

BACKGROUND

Digital electronic systems, e.g., computer systems, often
need to communicate using different interfaces, each running,
at an optimized speed for increased performance. Typically,
multiple clock signals having different frequencies are uti-
lized for providing appropriate timing to the interfaces. Fur-
ther, the frequencies of such clock signals are generally
related to one another in a predetermined manner. For
example, a core or system clock running at a particular fre-
quency (F,.) may be utilized as a master clock 1n a typical
computer system for providing a time base with respect to a
specific portion of 1ts digital circuitry. Other portions of the
computer system’s digital circuitry (such as a bus segment
and the logic circuitry disposed thereon) may be clocked
using timing signals derived from the master clock wherein
the denived 1Irequencies (F,) follow the relationship:
F/F =

Because of the asynchronous—although related—nature
of the constituent digital circuit portions, synchronizer cir-
cuitry 1s oiten used 1n computer systems to synchronize data
transier operations across a clock domain boundary so as to
avold timing-related data errors. Such synchronizer circuitry
1s typically required to possess low latency (which necessi-
tates precise control of the asynchronous clocks that respec-
tively clock the circuit portions in two different clock
domains). Despite the capabilities of existing clock synchro-
nizer circuitry, further improvements are warranted as will be
described below.
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2
SUMMARY

A controller arrangement and method are disclosed that
provide for effectuating data transier between a first clock
domain and a second clock domain. In one embodiment,
iversion circuitry mverts a first clock signal associated with
the first clock domain 1nto an mverted first clock signal that 1s
used 1n effectuating a SYNC pulse during coincident edges of
the mverted first clock signal and a second clock signal asso-
ciated with the second clock domain. Clock synchronizer
controller circuitry operates responsive to sampled sync
pulses based on the SYNC pulse to generate domain synchro-
nizer control signals for effectuating data transter between the
first and second clock domains.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A depicts a block diagram of an embodiment of a
synchronizer system for effectuating data transfer across a
clock boundary;

FIG. 1B depicts a block diagram of a further embodiment
ol a synchromizer system for eflectuating data transier across
a clock boundary;

FIG. 2 depicts a timing diagram of two clock domains
having a 5:4 frequency ratio wherein the synchronizer system

of FIG. 1A or FIG. 1B may be utilized for effectuating data
transier across the clock boundary;

FIG. 3 depicts a timing diagram of the various control
signals associated with the synchronizer system for transfer-
ring data between two clock domains having a 5:4 frequency
ratio;

FIG. 4A depicts a block diagram of an embodiment of a
synchronizer circuit for transferring data from a first clock
domain (1.e., “fast clock domain™ or *“core clock domain™) to
a second clock domain (1.e., “slow clock domain™ or *“bus
clock domain™);

FIG. 4B depicts a timing diagram associated with the syn-
chronizer circuit shown in FIG. 4A, wherein the clock
domains have a 5:4 frequency ratio;

FIG. 4C depicts a timing diagram associated with the syn-
chronizer circuit shown in FIG. 4A, wherein the clock
domains have a 4:3 frequency ratio;

FIG. 4D depicts a timing diagram associated with the syn-
chronizer circuit shown in FIG. 4A, wherein the clock
domains have a 1:1 frequency ratio;

FIG. SA depicts a block diagram of an embodiment of a
synchronizer circuit for transierring data from the second
clock domain (i.e., “slow clock domain” or “bus clock
domain”) to the first clock domain (1.e., “fast clock domain™
or “core clock domain™);

FIG. 5B depicts a timing diagram associated with the syn-
chronizer circuit shown in FIG. SA, wherein the clock
domains have a 3:4 frequency ratio;

FIG. 5C depicts a timing diagram associated with the syn-
chronizer circuit shown in FIG. 5A, wherein the clock
domains have a 4:3 frequency ratio;

FIG. 5D depicts a timing diagram associated with the syn-
chronizer circuit shown in FIG. 5A, wherein the clock
domains have a 1:1 frequency ratio;

FIG. 6 depicts a block diagram of an embodiment of a bus
clock synchromizer controller for controlling bus-to-core syn-
chronizer circuitry;

FIG. 7 depicts a block diagram of an embodiment of a core
clock synchromizer controller for controlling core-to-bus syn-
chronizer circuitry; and
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FIG. 8 depicts a flow chart of one embodiment of a method
for effectuating data transfers between a first clock domain
and a second clock domain.

DETAILED DESCRIPTION OF THE DRAWINGS

In the drawings, like or similar elements are designated
with 1dentical reference numerals throughout the several
views thereof, and the various elements depicted are not
necessarily drawn to scale. Referring now to FIG. 1A, therein
1s depicted an embodiment of a synchronizer system 100 for
elfectuating data transfer across a clock boundary between a
first clock domain (1.e., “fast clock domain™) having N clock
cycles and a second clock domain (e.g., “slow clock domain™)
having M clock cycles such that N/M=1. Typically, M=(N-
1), and by way of exemplary implementation, the synchro-
nizer system 100 may be provided as part of a computer
system for transierring data between a faster core clock
domain (e.g., operating with a core clock signal 01267 MHz)
and a slower bus clock domain (e.g., operating with a bus
clock signal o1 214 MHz), with a 5:4 frequency ratio. Accord-
ingly, for purposes of this present patent application, the
terms “first clock™ and “core clock™ will be used synony-
mously with respect to a fast clock domain; likewise, the
terms “‘second clock™ and “bus clock™ will be used with
respect to a slow clock domain.

A phase-locked loop (PLL) circuit 104 1s operable to gen-
erate a SYNC pulse 110 and a bus clock (1.e., second clock)
signal 108 (designated as bus_clock) based on a core clock
(1.e., first clock) signal 106 (designated as core_clock) pro-
vided thereto. As will be seen below, the SYNC pulse 110
provides a reference point for coordinating data transier
operations and 1s driven HIGH when the bus_clock and core-
_clock signals have coincident edges. Coincident edges may
occur on the falling edge. of the core_clock signal and rising
edge of the bus_clock signal. By way of another example, the
comncident edges may occur on the rising edge of the core-
_clock signal and the falling edge of the bus_ clock signal. The
two clock signals 106, 108 and SYNC pulse 110 are provided
to a synchronizer/controller block 102 that straddles the clock
boundary between a first clock domain (1.e., core clock
domain) and a second clock domain (1.e., bus clock domain)
tor effectuating data transfer across the boundary. Reference
numerals 103A and 103B refer to circuitry disposed in the
first and second clock domains, respectively, e.g., core clock
domain logic and bus clock domain logic, that transmit and
receive data therebetween as facilitated via synchronizers
105A and 105B, which will be described in greater detail
hereinbelow.

Each of the core_clock and bus_clock signals 106, 108 1s
first provided to a respective clock distribution tree block for
generating a distributed clock signal that 1s provided to vari-
ous parts of the synchronizer/controller block 102. Reference
numeral 112 refers to the clock distribution tree operable with
the core_clock signal 106 to generate the distributed core-
_clock signal, which 1s labeled as “c” and shown with refer-
ence numeral 106' in FIG. 1. In the 1llustrated embodiment,
the clock distribution tree 112 operates as inversion circuitry
to mvert the core_clock signal before distributing the core-
_clock signal. In particular, the clock distribution tree 112
may invert the core_clock signal by shifting the signal with a
phase difference of 180°. Accordingly, it should be appreci-
ated that the “c” designation depicted with reference numeral
106 1s indicative of the inverted core_clock signal.

Reference numeral 114 refers to the clock distribution tree
operable with the bus_clock signal 108 to generate the dis-
tributed bus_clock signal, which 1s labeled as “b” and shown
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4

with reference numeral 108" 1n FIG. 1. A SYNC sampling
logic block 116 1s operable responsive to the distributed clock
signals 106', 108' and SYNC pulse signal 110, to generate a
pair of sampled SYNC pulses that are forwarded to appropri-
ate synchronizer controller circuitry. In one embodiment, the
sampled SYNC pulses are manufactured as follows. The
SYNC pulse 110 1s sampled by three flip flop (FF) elements
(not shown in FIG. 1), wherein the first two ol the FF elements
are clocked on the falling edge of the distributed core_clock,
¢ 106' since the core_clock signal 1s inverted with respect to
the SYNC signal. The third FF element 1s clocked on the
rising edge of the distributed core clock ¢ 106'. As may be
appreciated, sampling by multiple FF elements 1s effective in
climinating metastability associated with the SYNC pulse
110 (possibly arising due to the skew between the input
signal, core_clock 106 and the output signal, SYNC 110).
The sampled SYNC pulse 1n the core clock domain 1s desig-
nated as “sync” signal 118 1n FIG. 1, which 1s provided to a
first synchronizer controller (or, core clock synchronizer con-
troller) 124 operating in the first clock domain.

With respect to the second clock domain (1.e., bus clock
domain), the SYNC pulse 110 1s sampled 1n the SYNC sam-
pling logic block 116 by a single FF element (not shown in
this FI1G. ) that 1s clocked on the rising edge of the distributed
bus_clock, b 108'. To signify that the sampling 1s done using
the bus_clock, the sampled SYNC pulse 1s designated as
“sync_B” signal 120, which 1s provided to a second synchro-
nizer controller 122 operating in the second clock domain,
also referred to as the bus clock synchronizer controller 1n
FIG. 1.

The bus clock synchronizer controller 122 i1s operable
responsive to the distributed bus_clock, b 108" and sampled
sync_B pulse 120 to generate a plurality of synchronizer
control signals, a portion of which signals are directed to a
first synchronizer circuit means 105A operating to control
data transter from first circuitry 103 A (i.e., core clock domain
logic) to second circuitry 103B (1.¢., bus clock domain logic).
Retference numeral 132 refers to the signal path of this portion
of control signals emanating from the bus clock synchronizer
controller 122. Another portion of the synchronizer control
signals generated by the bus clock synchronizer controller
122 are directed (via signal path 134) to a second synchro-
nizer circuit means 1035B operating to control data transier
from second circuitry 103B to first circuitry 103 A. Consistent
with the nomenclature used in the present patent application,
the first and second synchronizer circuits may also be referred
to as core-to-bus synchronizer and bus-to-core synchronizer
circuits, respectively. In addition, the bus clock synchronizer
controller 122 also generates a set of inter-controller control
signals that are provided to the first synchronizer controller
124 (i.e., core clock synchronizer controller) such that both
controllers can work together. Reference numeral 128 refers
to the signal path of the inter-controller control signal(s)
provided to the core clock synchronizer controller 124.

Similar to the operation of the bus clock synchronizer
controller 122, the core clock synchronizer controller 124 1s
operable responsive to the distributed core_clock, ¢ 106",
inter-controller control signals, and sampled sync pulse 118
to generate a plurality of synchronizer control signals, a por-
tion of which signals are directed to the first synchronizer
circuit means 105A and another portion of which signals are
directed to the second synchronizer circuit means 105B. Ret-
cerence numerals 138 and 140 refer to the respective signal
paths relating to these control signals. The core clock syn-
chronizer controller 124 also generates data transmit/receive
control signals that are provided to the core clock domain
logic 103 A via signal path 136 1n order that the core clock
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domain logic 103 A knows when 1t can send data to the bus
clock domain logic 103B (1.e., valid TX operations) and when
it can recerve data from the bus clock domain logic 103B (i.¢.,
valid RX operations).

All control signals from the bus clock synchronizer con-
troller 122 to the first and second synchronizers 105A, 1058
are staged through one or more FF elements that are clocked
with the sampled bus_clock, b 108'. Likewise, the control
signals from the core clock synchromizer controller 124 are
staged through a number of FF elements clocked with the
sampled inverted core_clock, ¢ 106', before being provided to
the various parts of the synchronizer system 100. Accord-
ingly, as will be seen in greater detail below, the various
control signals associated with the synchronizer system 100
may be designated with a signal label that 1s concatenated
with a “ 11 or “_{f B” suflix to indicate the registration
process by the sampled core_clock or the sampled bus_clock.

A phase detector 130 detects phase differences (1.e., skew)
between the two clock signals by operating responsive to the
sampled bus_clock and core_clock signals. This information
1s provided to the core clock synchronizer controller 124,
which can compensate for the skew or determine approprate
times to coordinate with the bus clock synchronizer controller
122.

Where the bus clock signal 1s stable with respect to the
SYNC pulse, the inter-controller clock relationship control
signals are generated by the bus clock synchronizer controller
122 that provide information as to the frequency ratio of the
first and second clock signals as well as related clock
sequence information, which are transmitted to the core clock
synchronizer controller 124 for synchronizing its core clock
signal 1n accordance therewith, as will be seen 1n greater
detail below. On the other hand, where the core clock signal 1s
stable with respect to the SYNC pulse, the inter-controller
clock relationship control signals may be generated by the
core clock synchronizer controller 124 for transmaission to the
bus clock synchronizer controller 122 so that both synchro-
nizer controllers may be appropriately synchronized. Further,
a configuration interface 126, labeled as SYNC_Config 1n
FIG. 1A, 1s provided as part of the synchronizer system 100
tor configuring the core clock synchronizer controller 124 so
that 1t may be programmed for different skew tolerances,
latencies and modes of operation. In one embodiment, the
configuration interface 126 may be implemented as a register
having a plurality of bits. In another embodiment, a memory-
based setting, e.g., EPROM-stored settings, may be provided
as a SYNC configuration interface.

As set forth above, the synchronizer system 100 may be
programmed for different skew tolerances and latencies, so
that data transier at high speeds can proceed properly even
where there 1s a high skew or requirement of low latency.
Further, the synchronizer system 100 can operate with any
two clock domains having a ratio of N first clock cycles to M
second clock cycles, where N/M=1.

FIG. 1B depicts a block diagram of a further embodiment
ol a synchronizer system 150 for effectuating data transier
across a clock boundary. The components of the synchronizer
system 150 are essentially the same as the components of the
synchronizer system 100 of FIG. 1A as indicated by the
common reference numerals. As discussed, in the system 100,
the inverted core_clock signal ¢ 106' 1s generated by the clock
distribution tree 112. In the system 150, however, the inverted
core_clocksignal ¢ 106'1s generated by the phase locked loop
104. Accordingly, it should be appreciated that either the
phase locked loop or a clock signal distribution tree may
clfectuate appropriate mversion circuitry that 1s operable to
invert the core clock signal which 1s then utilized in the
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generation of a SYNC pulse during coincident edges of the
inverted core clock signal and the non-inverted bus clock
signal.

Referring now to FIG. 2, depicted therein 1s a timing dia-
gram 200 associated with two clock domains having a 5:4
frequency ratio. By way of example, the core_clock signal
106 1s provided as the fast clock and the bus_clock signal 108
1s provided as the slow clock. Accordingly, for every five ticks
of the core clock, there are four ticks of the bus_clock. As
alluded to before, the SYNC pulse 110 1s generated when a
falling edge of the core_clock signal 106 coincides with a
rising edge of the bus_clock signal 108, which commences a
timing sequence window 204 for the transier of data, that may
comprise k-bit wide data (k=1), from one clock domain to the
other clock domain. It should be appreciated, however, that
the teachings of the present patent application are also appli-
cable to instances wherein a falling edge of the bus_clock
signal 108 coincides with a rising edge of the core_clock
signal 106. A cycle count 202 refers to the numbering of
core_clock cycles 1n a particular timing sequence 204.

As pointed above, the SYNC pulse 110 1s driven HIGH on
comncident edges of the clock signals and the data transfer
operations across the clock boundary between the two clock
domains are timed with reference to the SYNC pulse. In a
normal condition where there 1s no skew (or, jitter, as 1t 1s
sometimes referred to) between the clock signals, the coinci-
dent edges occur on the coincident edges of the first cycle
(cycle 0) as shown 1n FIG. 2. Since there are five core_clock
cycles and only four bus_clock cycles, the first clock domain
circuitry cannot transmit data during one cycle, resulting 1n
what 1s known as a “dead tick,” as the second clock domain
circuitry does not have a corresponding time slot for receiving
it. Typically, the cycle that 1s least skew tolerant 1s the one
where data 1s not transmitted. Likewise, because of an extra
cycle (where the data 1s indeterminate and/or invalid), the first
clock domain circuitry cannot recerve data during one cycle.
Again, 1t 1s the cycle with the least skew tolerance during
which the data 1s not recerved by the first clock domain
circuitry.

Skew between the clock signals can cause, for example, a
variance 1n the positioning of the SYNC pulse which affects
the data transier operations between the two domains. In the
exemplary 5:4 frequency ratio scenario set forth above, 1f the
bus_clock 108 leads the core_clock 106 by a quarter cycle for
instance, then instead of the edges being coincident at the start
of cycle 0, they will be coincident at the start of cycle 1. In
similar fashion, if the bus_clock signal lags the core_clock
signal by a quarter cycle, the edges will be coincident at the
start of the last cycle (1.e., cycle 4). Regardless of the skew
between the clock cycles, however, there will be one cycle
where data cannot be sent and one cycle where data cannot be
received, from the perspective of the core clock domain cir-
cultry.

FIG. 3 depicts a timing diagram 300 of the various control
signals associated with an embodiment of the programable
synchronizer system 100 for transferring data between two
clock domains having 5:4 frequency ratio. The clock cycles
106, 108 and SYNC pulse 110 are depicted again for showing
the temporal relationship among the control signals. Refer-
ence numeral 302 refers to a b2 ¢_valid_ 1T signal (active
HIGH) that 1s generated by the core clock synchronizer con-
troller 124 for specitying one of the five cycles during which
the core clock domain circuitry 103 A cannot receirve data
supplied by the bus clock domain circuitry 103B. As 1llus-
trated, data may be recerved from the bus clock domain cir-
cuitry 103B 1n cycles 0 and 2-4, but not 1n cycle 0. Likewise,
since there 1s a dead tick between the core and bus clocks, the
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core synchronizer controller 124 also provides a c2
b_valid_{11 signal 304 to indicate when the core clock domain
circuitry 103A can validly transmit data to the bus clock
domain circuitry 103B. Further a series of “advance warning”™
signals (each being active HIGH), ¢2b valid _m_11[4:1]
306A-306D, are provided for indicating a number of cycles
ahead of time as to when the dead cycle occurs between the
first and second clock signals during which the core clock
domain circuitry 103 A cannot transmit data. For instance,
c2b_valid_11 304 is asserted LOW 1n cycle 4, indicating that
the core clock domain circuitry 103 A cannot send data in that
particular cycle. Core clock domain data during that cycle
may have to be builered accordingly before it 1s transmitted in
a subsequent cycle. Advance warning as to the occurrence of
the dead cycle may be given ahead by one cycle (1.e., in cycle
3, as mdicated by ¢2b_valid_m_1i][1] 306 A that 1s asserted
LOW 1n cycle 3), by two cycles (1.e., in cycle 2, as indicated
by c2b_valid_m_11]2] 306B that is asserted LOW in cycle 2),
by three cycles (.e., 1 cycle 1, as indicated by

c2b_valid_m_{11[3] 306C that 1s asserted LOW 1n cycle 1),
and by four cycles (1.e., incycle 0, as indicated by ¢2 b_valid-

m_11]4] 306D that 1s asserted LOW 1n cycle 0).

The core clock synchronizer controller 124 also generates
another set of control signals (c0_sel_1I 308, c1_sel_11 310,
and core_sel_1I 312) that control the data loading and data
capture circuitry of the synchronizers 105A, 105B. Likewise,
the bus clock synchronizer controller 122 generates a set of
control signals (b0_sel_1T 314, b1_sel_11 316 and bus_sel_1f
318) that also control the data loading and data capture cir-
cuitry of the synchronizers 105A, 105B, which are described
below.

FIG. 4A depicts a block diagram of an embodiment of a
synchronizer circuit 400 for transferring data from a first
clock domain to a second clock domain. It should be recog-
nized that the synchromizer circuit 400 1s a particular embodi-
ment of the first synchronizer (1.e., core-to-bus synchronizer)
105A shown in FIG. 1 that 1s adapted to operate with the
various control signals described hereinabove. Data 402 from
the first clock domain (1.e., core data from the core clock
domain logic) 1s provided on a k-bit wide data path to the
input side of the synchronizer circuit 400 that essentially
comprises a first TRANSMIT multiplexer-register

(MUXREG) block 408A and a second TRANSMIT
MUXREG block 408B. Each of the TRANSMIT MUXREG
blocks includes a 2:1 MUX coupled to a register that 1s
clocked by the first clock signal (1.¢., the sampled and inverted
core_clock, ¢ 106"), wherein the k-bit wide data 1s provided to
the input of the 2:1 MUX that 1s selected when a MUX control
signal 1s driven HIGH. The other input of the 2:1 MUX 1s
coupled via a feedback path to the output of the register

associated therewith. In the embodiment shown 1n FIG. 4A,
register 412A and associated 2:1 MUX 410A form the first

TRANSMIT MUXREG block 408A, wherein the 2:1 MUX
410A 1s controlled by c0_sel 308 (generated by the core clock
synchronizer controller 124) that 1s staged through FF 404.
Likewise, register 412B and associated 2:1 MUX 410B form
the second TRANSMIT MUXREG block 408B, wherein the
2:1 MUX 410B 1s controlled by c1_sel 310 (also generated by
the core clock synchronizer controller 124) that 1s Staged
through FF 406. Each of the FF elements 404 and 406 1s
clocked by the sampled/inverted core_clock, ¢ 106'.

Each of the outputs of the two TRANSMIT MUXREG
blocks 408A, 4088, 1.e.,c0_11414A and c1_1f 414B, respec-
tively, 1s provided to a RECEIVE MUXREG block 416 on the
output side of the synchronizer circuit 400, which includes a
2:1 MUX 420 and a register 418 that 1s clocked by the second
clock signal (1.e., the sampled bus_clock, b 108"). MUX con-
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trol 1s provided by bus_sel_B 318 that 1s generated by the bus
clock synchronizer controller 122 and staged through FF 424.
The output of the RECEIVE MUXREG block 416 (i.e.,
bus_1T1) 1s the k-bit wide data recerved 1n the bus clock domain
logic as bus data 422. It should be apparent that although
single instances of the various MUXREG blocks are shown 1n
FIG. 4A, there are 1n fact k such blocks in the data path
through the core-to-bus synchronizer 400 to synchronize the
transfer of all k data signals (of the k-bit wide data, k=1) from
the core clock domain logic to the bus clock domain logic.
Bus data bypass 426 provides a bypass in instances
wherein the synchronizer circuit 400 1s utilized with 1:1 core
clock domain to bus clock domain frequency ratio. In this
embodiment, the control signals are static. For example, the
c0_sel signal always equals 1 and bus_sel_B signal always
equals 0. The cl_1Ipath 1s not used at all and, aeeerdingly, the

output of the RECEIVE MUXREG block 416 1s always the
c0_1Tsignal. The bus data bypass 426 bypasses the RECEIVE
MUXREG block 416 to output the c0_11 s1gnal as the bus data
signal, thereby saving half a clock signal. Hence, by inverting
the core clock signal, a lower latency clock synchronizer for
the 1:1 mode 1s provided without detrimentally affecting the
latency 1n the N+1:N modes. Further, by inverting the core
clock signal for all clock ratios, a low latency 1:1 mode 1s
achieved without having to make board wiring changes.
FIG. 4B depicts a timing diagram associated with the core-
to-bus synchronizer embodiment 400 wherein a 5:4 relation-
ship exists between the core clock and bus clock domains.
Further, the timing diagram 1illustrates the temporal relation-
ship of the various control signals associated therewith and
the effect of different skew tolerances and latencies. A com-
plete sequence and a portion of a sequence of core data 402
are exemplified as [A,B,C,D.,E] and [A2,B2,C2], respec-
tively. Each data block 1s k-bit wide and available for a par-
ticular clock cycle, 0 through 4. Different skew tolerances and
latency factors may be programmed by controlling when the
RECEIVE MUXREG block 416 loads from c0 {f 414 A or
cl 1t 414B. In Panel A 450A, data transfer from the core
domain circuitry to the bus domain circuitry 1s shown where
a condition involving skew tolerance of 0.25 and added
latency of 0.75 1s programmed. Under these conditions, the
core clock synchronizer controller 124 generates the
c2b_valid_1f 304 signal such that there 1s no valid TX opera-
tion on cycle 2 (1.e., the third cycle). Accordingly, the
TRANSMIT MUXREG blocks 408 A and 408B respectively
load the data portions [A,B] and [C,D] 1n each sequence, as
controlled by c0_sel 308 and c1_sel 310. The data portion 1n
cycle 2, [E], 1s not sent, which may be builered and/or trans-
mitted subsequently on a separate data path. The R JC HIVE

MUXREG block 416 alternatively loads from c0_1T 414A
(for the [B,D] portion) and c1_11414B (for the [A,C] portion)
under the control of bus_sel_B 318 from the bus clock syn-
chronizer controller 122. The data from the RECEIVE
MUXREG block 416 1s clocked out using the sampled bus-
_clock, b 108', as bus_1I 422 (i.e., bus data), the sequences
being [A,B,C,D] and [A2,B2,C2,D2].

[ikewise, 1n Panels 4508 and 450C, data transiers involv-
ing skew tolerance of 0.5 and added latency of 1.0 and skew
tolerance of 0.75 and added latency of 1.25 are respectively
shown. Under these conditions, the core clock synchronizer
controller 124 determines that data transmit operations 1n
cycle 3 and cycle 4, respectively, are invalid. Accordingly,
c2b_valid_11304 (asserted LOW incycle 3)and c2 b_valid_1f
304 (asserted LOW 1n cycle 4) are provided by the core clock
synchronizer controller to indicate that data portion [A] and
data portion [B] cannot be transmitted. As a result, the trans-

mitted bus data sequences are [B,C,D,E]/[B2,C2,D2,E2]/. ..
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and [A,C.D,E|)/[A2,C2,D2,E2]/ .. ., respectively, under the
two sets of skew/latency combinations 1llustrated.
FI1G. 4C depicts a timing diagram associated with the core-
to-bus synchronizer embodiment 400 which illustrates the

temporal relationship of the various control signals associ-
ated therewith and the el

ect of different skew tolerances and
latencies 1n the context of a 4:3 clock ratio. Three sequences
of coredata402, [A,B,C,D],[A2,B2,C2,D2], and [A3.B3.,C3,
D3], are exemplified, each data block being k-bit wide and
available for a particular clock cycle, 0 through 3, as indicated
by the cycle count. Similar to Panels 450A-450C, Panels
480A-480C 1llustrate data transfers involving various skews
and latency conditions such as, e¢.g., skew tolerance of 0.167
and added latency 01 0.667, skew tolerance o1 0.50 and added
latency of 1.00, and skew tolerance of 0.833 and added
latency of 1.333, respectively. Under these conditions, the
core clock synchronizer controller 124 determines that data
transmit operations in cycle 1, cycle 2 and cycle 3, respec-
tively, are invalid. Accordingly, the appropriate ¢c2b6_valid_1T
signals, which are generically represented by the reference
numeral 482, are provided by the core clock synchronizer
controller to indicate that particular data portions cannot be
transmitted. As a result, the transmitted bus data sequences
are [A,C,D]J/[A2,C2,D2]/[A3,C3,D3], [A,B.D]/[A2,B2,D2]/
|A3,B3,D3], and [A,B,C]/[A2,B2,C2]/[A3,B3,C3], respec-
tively, under the three sets of skew/latency combinations
illustrated.

FI1G. 4D depicts a timing diagram associated with the core-
to-bus synchronizer embodiment 400 which 1illustrates a 1:1
rat1o between the clock domains wherein the sequence of core
data 402 1s exemplified as [A] [B] [C] [D] [E] [F]. Data
transiers nvolving both the bus data bypass 426 and the
bus_11 signal 422 are depicted. As 1llustrated, the bus data
bypass 426 involves a skew tolerance 01 0.5 and added latency
of 0.0 whereas the bus_11 signal involves a skew tolerance of
0.50 and added latency o1 0.5. Hence, by utilizing the bus data
bypass 426 1n the synchronizer embodiment 400 for the 1:1
mode, half-a-cycle of latency 1s achieved over using a non-
inverted core clock signal with no bus data bypass.

Referring now to FIG. 5A, depicted therein 1s a block
diagram of an embodiment of a synchronizer circuit 500 for
transferring data from a bus clock domain to a core clock
domain, wherein the core and bus clock domains have a 5:4
frequency ratio. Again, those skilled 1n the art will recognize
that the synchronizer circuit 500 is a particular embodiment
of the second synchronizer (i.e., bus-to-core synchronizer)
1058 shown in FIG. 1 that 1s adapted to operate with the
various control signals described hereinabove with particular
retference to FIG. 3. Further, 1t should be apparent that the
physical circuitry of the bus-to-core synchronizer 500 1s
essentially similar to that of the core-to-bus synchromzer 400
set forth 1n detail above, but for being wired with different
control signals, appropriately generated by the synchromizer
controllers.

Data 502 from the second clock domain (1.e., bus data from
the bus clock domain logic) 1s provided on a k-bit wide data
path to the input side of the synchromizer circuit 500 that
comprises a pair of TRANSMIT MUXREG blocks S08A,
508B disposed 1n the bus clock domain. Each of the TR ANS-
MIT MUXREG blocks includes a 2:1 MUX coupled to a
register that 1s clocked by the second clock signal (1.e., the
sampled bus_clock, b 108"), wherein the k-bit wide bus data
502 1s provided to the mput of the 2:1 MUX that 1s selected
when a MUX control signal 1s driven HIGH. The other input
of the 2:1 MUX 1s coupled via a feedback path to the output
of the register associated therewith. In the embodiment shown
in FIG. 5A, register 5312A and associated 2:1 MUX 510A
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form the first TRANSMIT MUXREG block S08A disposed
in the second clock domain, wherein the 2:1 MUX 510A 1s
controlled by b0_sel_B 314 (generated by the bus clock syn-
chronizer controller 122) that 1s staged through FF 504
(=b0_sel_11). Likewise, register 512B and associated 2:1
MUX 510B form the second TRANSMIT MUXREG block
508B disposed 1n the second clock domain, wherein the 2:1
MUX 510B 1s controlled by b1_sel_B 316 (also generated by
the bus clock synchronizer controller 122) that 1s staged
through FF 506 (=b1_sel_1I). Each FF 504, 506 1s clocked by
the sampled bus_clock, b 108",

The outputs of the two TRANSMIT MUXREG blocks
508A, 5088, 1.e., b0_11 S14A and bl_{1I 514B, respectively,
are provided to a RECEIVE MUXREG block 516 on the
output side of the synchronizer circuit 500 (1.e., disposed 1n
the first clock domain), which includes a 2:1 MUX 520 and a
register 518 that 1s clocked by the first clock signal (1.e., the
sampled and inverted core_clock, ¢ 106"). MUX control 1s
provided by core_sel 312 that 1s generated by the core clock
synchronizer controller 124 and staged through FF 524. The
output of the RECEIVE MUXREG block 516 (1.e., core_11)1s

the k-bit wide data received 1n the core clock domain logic as
core data 522.

Core data bypass 526 provides a bypass in 1instances
wherein the synchronizer circuit 500 1s utilized with 1:1 fre-
quency ratio. In this embodiment, the control signals are static

and, more specifically, the b0_sel_B signal =1 and core_sel
=0. Accordingly, the output of the RECEIVE MUXREG

block 516 1s always the b0_11 signal. The core databypass 526
bypasses the RECEIVE MUXREG block 516 to output the
b0_1T signal as the core data signal, thereby saving half-a-
clock signal as will be 1llustrated below 1n further detail.

Again, 1t will be recognized that 1n actual implementation,
the synchronizer embodiment 500 shown 1n FIG. 5A may
include multiple instances of the various MUXREG blocks to
synchronize the transfer of all k data signals (of the k-bitwide
bus data, k=1) from the bus clock domain logic to the core
clock domain logic. FIG. 5B depicts a timing diagram asso-
ciated with the bus-to-core synchronizer embodiment 500
which illustrates the temporal relationship of the various con-
trol signals associated therewith and the effect of different
skew tolerances and latencies. Two sequences of bus data
502, [A,B,C.D] and [A2,B2,C2,D2], are exemplified, each
block being k-bit wide and available for a particular bus clock
cycle, 0 through 3, 1.e., data block [A] in cycle 0, data block
[B] in cycle 1, data block [C] 1in cycle 2, and data block [D] in
cycle 3. Different skew tolerances and latency factors may be
programmed by controlling when the RECEIVE MUXREG
block 516 loads from b0 _11514A orb1 {1514B. In 5:4 mode,
for example, the RECEIVE MUXREG block 516 loads five
times but since only four data transfers can come from the bus
domain, only four will be used (the extra cycle having an

unused data portion, marked with an X in the Panels 550A-
550C).

As shown 1n FIG. 5B, bus data 502 1s stored 1n the TR ANS-
MIT MUXREG blocks where each loads alternatively, under
the control o1b0_sel_B 314 and b1_sel_B 316, onevery other
bus_clock. Also, each TRANSMIT MUXREG block holds
the data for two bus clocks. Accordingly, the first data block
[A] 1s stored in TRANSMIT MUXREG 512B, the second
data block [B] in TRANSMIT MUXREG 512A, the third
data block [C] in TRANSMIT MUXREG 512B, and finally,
the fourth data block [D] in TRANSMIT MUXREG 512A.
The output of the two TRANSMIT MUXREG blocks 512A
and 512B, therefore, comprises, data portions [B,D] as b0_1f
514A and [A,C] as b1_1f 514B.
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In Panel A 550A, data transier from the bus domain cir-
cuitry to the core domain circuitry 1s shown where a condition
involving skew tolerance of 0.25 and added latency of 0.625
1s programmed. Skew tolerance, which 1s measured in core
clock cycles 1n this case, 1s defined as the minimum distance
between data sample (1.e., core_11) and changing data input
(1.e., b0_1I or b1_1T1). Added latency 1s also measured 1n core
clock cycles, obtained by averaging the values associated
with the four data blocks (from end of bus to core_1I). Actual
latency 1s determined as one bus_clock cycle plus the added

latency, which 1n 3:4 mode translates to 1:25 core_clock
cycles plus the added latency.

As shown 1n Panel A 550A, which exemplifies the best
latency condition but with the worst skew tolerance, the core
clock synchronizer controller 124 generates the b2¢_valid_1f
302 signal such that there 1s no valid RX operation on cycle 3
of the core_clock (1.e., 1ts fourth cycle). The output of the
RECEIVE MUXREG 516, 1.e., core {1 522, first loads data
block [A] 1n cycle 2 from b1l_11 5148, then repeats the same
data block as [XA] 1n the mvalid/unused cycle 3 slot, after
which data block [B] 1s loaded from b0_1I 514 A during cycle
4. Thereatter, data blocks [C] and [D] are loaded from b1_1T
514B and b0_11 514 A during valid cycle 0 and 1 of the next

sequence, respectively. The same pattern repeats for the next
block of data, 1.e., [A2]-[D2].

Panel B 5508 of FIG. 5B exemplifies the programming,
mode with the next best latency condition (added
latency=0.875) which has the next best skew tolerance (=0.5
core_clock cycles). Under these conditions, the core clock
synchronizer controller 124 generates b2¢_valid_{I signal,
which 1s generically referred to by reference numeral 302,

such that 1t 1s driven LOW 1n the third core_clock cycle (1.e.,
cycle 2). The output of the RECEIVE MUXREG 516, 1.¢.,

core_ 11 522, first loads data block [A] from b1l_1T 5148 (in
cycle 3 of the core_clock’s first sequence), and then data
block [B] from b0_{f 514 A, then data block [C] from b1 1T
514B, and finally, data block [D] 1s loaded twice from b0_1f
514A such that data block [D] 1s loaded for the used cycle
(1.e., the second cycle) and the unused cycle (1.e., the third
cycle).

The programming mode with the worst latency (=1.125)
and the best skew tolerance (=0.75 of core_clock cycles) 1s
shown 1n Panel C 550C of FIG. 3B. The core clock synchro-
nizer controller 124 generates b2¢_valid_11 302 such that it 1s
driven LOW 1n the second core_clock cycle (i.e., cycle 1).
The output ofthe RECEIVE MUXREG 516, 1.¢., core_11522,
first loads data block [A] from b1_1f 514B (in cycle 3 of the
core_clock’s first sequence), and then data block [B] from
b0_1T 514 A, then data block [C] from b1_1I 514B, and again
data block [C] that 1s not used (1in cycle 1 of the core_clock’s
second sequence, which 1s the extra cycle unused, hence
grving rise to the mvalid C or XC data block) and finally, data
block [D] from b0_1T 514A (in cycle 2 of the core clock’s
second sequence). As pointed out earlier, the added latency 1s
the average of the time (1n core_clock cycles) from b0_1T or
b1_1T to core 1T for all used data. Accordingly, no latency
value 1s shown 1n any data portion with an X.

Based on the foregoing Detailed Description, 1t should be
appreciated that the synchronizer embodiments of the present
invention may be programmed for different latencies and
skew tolerances for transferring data across a clock boundary
between any two clock domains having a known N:M ratio
(e.g., M=N-1). Since the physical implementation of the
synchronizer circuitry in both directions of data transfer 1s
essentially the same, a single design may be used for a par-
ticular application, thereby minimizing development costs.

10

15

20

25

30

35

40

45

50

55

60

65

12

FIG. 5C depicts a timing diagram associated with the bus-
to-core synchronmizer embodiment 500 which 1llustrates the
temporal relationship of the various control signals associ-
ated therewith and the eflect of different skew tolerances and
latencies 1n the context of a 4:3 clock ratio. Three sequences
of bus data 502, [A,B,C], [A2,B2.C2], and [A3,B3,C3], are
exemplified, each data block being k-bit wide and available

for a particular bus clock cycle, 0 through 2, 1.e., data block
|A] in cycle 0, data block [B] 1n cycle 1, and data block [C] in

cycle 2. Similar to Panels 550A-550C described above, Pan-
cls 5380A-5380C are provided where data transiers mnvolving
skew tolerance of 0.167 and added latency of 0.50, skew
tolerance of 0.50 and added latency of 0.833, and skew tol-
erance ol 0.833 and added latency of 1.167 are respectively
shown. Under these conditions, the core clock synchronizer
controller 124 determines that data transmit operations in
cycle 3, cycle 2 and cycle 1, respectively, are invalid. Accord-
ingly, the appropriate b2 ¢_valid_{1I signals 382 are provided
by the core clock synchronizer controller so that a particular
data block that precedes an ivalid cycle 1s duplicated. As a
result, the transmitted bus data sequences are [A,XA,B,C,]/
[A2.XA2,B2,C2,]/[A3,XA3,B3.C3,], [A.B,C.XC]/[A2,B2,
C2.XC2]J/[A3,B3,C3,XC3], and [A.B,.XB,C|/[A2,.B2.XB2,
C2]/[A3,B3,XB3,C3], respectively, under the three sets of
skew/latency combinations illustrated. In particular, 1t 1s
noteworthy that due to the inversion of the core clock signal,
the latencies 1n the 4:3 frequency mode are very favorable as
compared to latencies 1n instances wherein the core clock
signal 1s not 1nverted.

FIG. 5D depicts a timing diagram associated with the bus-
to-core synchronizer embodiment 500 which 1llustrates a 1:1
ratio between the clock domains wherein the sequence of bus
data 502 1s exemplified as [A] [B] [C] [D] [E] [F]. Data
transiers involving both the core data bypass 526 and the
core_1IT signal 522 are depicted. As illustrated, the bus core
bypass 526 involves a skew tolerance 01 0.5 and added latency
of 0.0 and the core_{1 signal 522 involves a skew tolerance of
0.50 and added latency 01 0.5. Hence, by utilizing the bus data
bypass 526 1n the synchronizer embodiment 500 for the 1:1
mode, half-a-cycle of latency 1s saved.

FIG. 6 depicts a block diagram of an embodiment of a bus
clock synchronizer controller portion 600 that 1s operable as
synchronizer controller 122. As illustrated, several functional
blocks, which may be implemented using any combination of
logic circuitry, are provided as part of the bus clock synchro-
nizer controller portion 600 for generating a number of clock
relationship control signals, part of which are used internally
to generate a set of bus domain synchronizer control signals
towards the bus-to-core and core-to-bus synchronizers. A
sync counter block 602 1s operable responsive to the sampled
SYNC, 1.e., sync_B 120, as well as the distributed bus_ clock,
b 108' (not shown 1n this FIG. ) for generating an M-bit wide
signal that indicates a count of SYNC pulses. In general,
M=log2(N+1), where N 1s the number of cycles in the slow
clock domain. For mstance, where a clock ratio of [8:7] 1s
employed, M=log2(7+1)=3, 1.e., a 3-bit wide signal 1s gener-
ated. A ratio detector block 604 operates responsive to the
M-bit wide signal as well as the sync_B signal 120 and b 108"
to determine the ratio of the clocks employed 1n the synchro-
nizer system 100 and generate a clock relationship control
signal, designated as sync_ratio_B 614. As will be seen
below, this and other clock relationship control signals are
provided to a core clock synchronizer controller portion for
clfectuating the overall programmable controller functional-
ity with respect to the synchronizer system 100.

A cycle generator block 606 1s operable responsive to the
sync_ratio_B signal 614 as well as the sync_B signal 120 and
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b 108’ for generating a cycle information signal 607 indicative
of a current bus clock cycle. A sequence generator block 608
1s provided for generating another inter-controller clock rela-
tionship control signal, sequence_B 616, 1n response to the
sync_ratio_B signal 614 as well as the sync_B signal 120 and
b 108'. It should be appreciated by one skilled 1n the art that
the cycle information and sequence_B signals operate to
uniquely 1dentify different bus clocks in the synchronizer
system 100.

A bus domain synchronizer control signal generator block
610 i1s operable responsive to the cycle information signal
(which numbers each bus clock cycle), the sequence B signal
(which numbers a sequence of bus clocks) and sync_ratio_B
signal 614 for generating a set of bus domain synchronizer
control signals, namely, b0_sel B and bl_sel B signals
towards the bus-to-core synchronizer 105B and bus_sel B
signal towards the core-to-bus synchronizer 105A, which
function as described 1n the foregoing description. The bus
domain synchronizer control signal generator block 610
essentially operates to generate a fixed pattern on these con-
trol signals for each different bus clock (based on the cycle,
sequence and clock ratio 1mputs).

As alluded to heremabove, the bus domain synchronizer
control signals, b0_sel_B, bl_sel_B, and bus_sel_B, may be
registered one or several times for timing reasons before
being used by the respective synchronizers as b0_sel_ 1t 314,
bl_sel 11316, and bus_sel_11 318, respectively. Accordingly,
the original signals and their registered counterparts may be
treated as equivalents for purposes of general operation of the
controller arrangement. When the control signals are finally
used, b0_sel_11 314 will be “0” on cycle 0, sequence 0, and
alternates to “1”, thento “0”, et cetera. The b1 _sel 11316, and
bus_sel_11318 signals are the inverse oI b0_sel_11(1.e.,“1” on
cycle 0, sequence 0, and so on), as shown 1 FIG. 3. These
synchronizer control signals do not change for different clock
ratios or modes.

Referring now to FIG. 7, depicted therein 1s a block dia-
gram of an embodiment of a core clock synchronizer control-
ler portion 700, operable as synchronizer controller 124 of the
synchronizer system 100 set forth above. Several functional
blocks are 1llustrated for concisely capturing the overall func-
tionality of the core clock synchronizer portion 700, which
essentially operates to generate a set of core domain synchro-
nizer control signals towards the respective synchronizers
105A, 10358, in response to the sampled sync pulse 118, the
inter-controller clock relationship control signals 614, 616
and any configuration information provided via SYNC con-
figuration interface 126. As 1llustrated in FIG. 7, the configu-
ration information 1s exemplified as a sync_config signal that
1s supplied to several functional blocks of the core clock
synchronizer controller portion 700 that provide additional
internal signals for effectuating the synchronizer controller
functionality. Again, as with the functional blocks of the bus
clock synchromizer controller, the various functional blocks
of the core clock synchronizer portion 700 may also be imple-
mented using any combination of logic circuitry.

An 1nternal phase detector block 702 receives the M-bait
wide sync_ratio_b 614 from the bus clock synchronizer con-
troller portion 600 to generate an M-bit wide sync_ratio sig-
nal by utilizing two tlip flop elements to sample the sync_ra-
t10_B signal with the distributed 1nverted core clock ¢ 106'.
Additionally, the phase detector block 702 receives the
sequence_B 616 from the bus clock synchronizer controller
portion 600. In generating a sequence_cr signal from the
sequence_B 616, a first flip tlop element samples the sequen-
ce_B 616 with the rising edge of the bus clock b 108" and then

two tlip tlop elements sample the signal with the distributed
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inverted core clock ¢ 106'. The sync pulse 118 provided by the
SYNC sampling logic 116 1s detected by sync pulse detection
block 704 to generate an internal sync signal, sync_redge,
that indicates a reliable sync pulse that 1s not associated with
too much clock skew.

A stable state detector block 706 1s operable to generate
two multi-bit wide internal signals; namely stable_state 1T
and ratio_stable_cnt_{T, that provide indications that the skew
state and clock ratio relationship between the two clock sig-
nals 1s stable. Further, an external signal, sync_logic_stable,
1s generated to indicate to the synchronizers that the synchro-
nizing logic 1s stable. A cycle and sequence generator block
708 1s operable responsive to several internal control signals
for generating appropriate cycle and sequence signals such as
cycle_has_loaded, cycle fif, and sequence {1t that uniquely
identify different core clock cycles.

A core domain synchromizer control signal generator 710 1s
operable responsive to configuration information via the syn-
c_config signal and internal control signals, including the
sync_ratio signal, cycle_1f signal, and sequence_{1 signal, for
generating a set of core domain synchronizer control signals.
With respect to the 5:4 ratio implementation discussed here-
inabove, these signals include the c0_sel and c¢1_sel signals
which are provided to the core-to-bus synchronizer and the
core-sel signal provided to the bus-to-core synchronizer. Fur-
ther, a set of transfer control signals, b2¢_validand ¢2b_valid,
and advanced warming signals, c2b6_valid m[4:1], are also
provided by the core domain synchronizer control signal
generator block 710 to the core clock domain logic circuitry
103 A. As with the control signals generated by the bus clock
synchronizer controller portion, these various signals may
also be registered for timing purposes. Accordingly, the con-
trol signals from the core clock synchronizer controller por-
tion may be denoted as their registered equivalents by way of
the “ 11 notation.

As discussed previously, the sync_config signal driven to
the core domain synchronizer control signal generator block
710 provides an 1indication of the appropriate skew tolerance
and latency values. Based thereon, the various core domain
synchronizer control signals may be programmed for differ-
ent latencies and skew tolerances. By way of example, the
elfect of programming different values 1s described below 1n
conjunction with the timing diagrams presented in FIGS. 3,
4B, and 5B.

With particular reference to FIG. 5B, shown therein 1s how
the core_sel_11 312 and b2¢_valid_1f 302 signals can be pro-
grammed for different latencies and skew tolerances. As
described previously, b0_sel_B and bl_sel_B (generated by
the bus clock synchronizer controller portion 600 and may be
registered one or more times) have a fixed and known pattern.
Accordingly, the core_sel_1if 312 and b2¢_valid_11 302 sig-
nals are varied for different conditions (keeping 1n mind that
b2c_valid_{1T 1s the same as b2¢_valid registered for timing
purposes).

In Panel 530A, which exemplifies the condition of the
lowest skew tolerance (0.25 core clock cycle) and lowest
latency (0.625 added core clock cycle), core_sel 1T 312 1s
programmed to sample b1_11 514B such that data portion A 1s
registered into core 113522 incycle 2 and again in cycle 3 (but
not used, hence XA notation). Next, b0_1T 514 A 1s sampled
and data portion B 1s registered into core_ 11 522 in cycle 4.
Then, data portion C 1s registered 1n cycle 0 with the com-
mencement of the following sequence and data portion D 1s
registered 1in cycle 1. The transfer control signal b2¢_valid_1T
302 1s programmed such that the core clock domain logic
does not use the extra data portion A (1.e., XA block) in cycle

3.
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The middle skew tolerance (0.5 core clock cycle) and
latency (0.875 added core clock cycle), shown in Panel 5508,
1s achieved by programming core_sel_1I 312 to capture data
portion A 1n cycle 3, data portion B 1n cycle 4, data portion C
in cycle 0 (commencement of the following sequence), data
portion Din cycle 1, and the extra data D again in cycle 2. The
transier control signal b2¢_valid_11 302 1s programmed such
that the core clock domain logic does not use the extra data
portion D (1.e., XD block) 1n cycle 2.

The highest skew tolerance (0.75 core clock cycle) and
latency (1.125 added core clock cycles), shown in Panel 350C
of FIG. 5B, 1s achieved by programming core_sel_ 11 312 to
capture data portion A 1n cycle 3, data B 1n cycle 4, data
portion C 1n cycle 0 (commencement of the following
sequence), extra data portion C 1n cycle 1 and data portion DD
in cycle 2. The transfer control signal b2¢_valid_ it 302 is
programmed such that the core clock domain logic does not
use the extra data portion C (1.e., XC block) in cycle 1.

Each of the above three different skew tolerances and
latency settings are achieved by using three different values
on sync_coniig signal provided via SYNC configuration
interface 126 (shown in FIG. 1). A different pattern may be
generated for other clock ratios (as indicated by sync_ratio
signal), as one skilled in the art should recognize.

Taking reference now to FIG. 4B, shown therein 1s how the
c0_sel _fIf 308, c1_sel I 310 and c2b4_valid_1f 304 signals
can be programmed for different latencies and skew toler-
ances. As described previously, c25_valid_11 304 indicates to
the core clock domain logic circuitry not to transmit data.
Again, 1t should be kept in mind that c25_valid_1f1s the same
as ¢2b_valid that 1s registered for timing purposes. The
advance warming signals, ¢2b_valid_m_11]1:4] 306 A-306D
(shownin FIG. 3) represent the ¢25_valid signal that 1s advan-
tageously sent one, two, three or more cycles early for per-
formance optimization in the core clock domain logic cir-
cuitry.

Since all the core domain synchronizer control signals and
the transfer control signals are decoded from cycle and
sequence signals (by the synchronizer control generator
block 610 shown in FIG. 6), to generate signals early, one
merely decodes from an earlier cycle and/or sequence. It
should also be noted that low, middle, and high skew toler-
ances can be programmed for all [N+1:N] ratios. Where a
clock ratio of 1:1 1s applicable, a normal latency (1 clock
added latency) and a low latency (0.5 clock added, 11 the bus
and core clocks are inverted) can be programmed.

FIG. 8 depicts a tlow chart of the various operations of an
embodiment of a synchronizer controller methodology for
clfectuating data transfer between two clock domains. As set
forth 1 block 802, the bus clock synchromizer controller
portion first determines applicable sync ratio, cycle and
sequence information for a given clock ratio based on the
sampled sync pulse. In particular, the sync pulse 1s indicative
of coincident edges between an inverted core clock signal and
a bus clock signal. This information 1s utilized to generate bus
domain synchronizer control signals. Further, the sync ratio
and cycle/sequence information 1s provided as inter-control-
ler clock relationship control signals to the core clock syn-
chronizer controller portion (block 804). Responsive thereto
and to the sync pulse, core clock domain’s cycle and sequence
information 1s generated by the core clock synchronizer con-
troller (block 806). Based on skew state determination, cycle
and sequence information, sync ratio information, and sync
configuration mformation, synchronizer control signals as
well as transter control signals are generated for controlling,
the data transfer operations via bus-to-core and core-to-bus
synchronizer portions (block 808).
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Although the invention has been particularly described
with reference to certain illustrations, 1t 1s to be understood
that the forms of the invention shown and described are to be
treated as exemplary embodiments only. Various changes,
substitutions and modifications can be realized without
departing from the spirit and scope of the invention as defined
by the appended claims.

What 1s claimed 1s:

1. A synchromizer arrangement for effectuating data trans-
fer between a first clock domain and a second clock domain,
wherein said first clock domain 1s operable with a first clock
signal and said second clock domain 1s operable with a second
clock signal, said first and second clock signals having a ratio
of N first clock cycles to M second clock cycles, where
N/M=1, comprising:

a first synchronizer for transferring data from said first
clock domain to said second clock domain and a second
synchronizer for transferring data from said second
clock domain to said first clock domain, said first syn-
chronizer comprising first and second transmit circuits
clocked by said first clock signal and a receive circuit
clocked by said second clock signal, wherein when
N/M>1, control signals configure said recerve circuit to
alternately recerve data from said first transmit circuit
and said second transmit circuit for output to said second
clock domain and when N/M=1, said control signals
configure said first transmit circuit to output data
directly to said second clock domain;

a first clock synchronizer controller portion operating to
generate a set of first domain synchronizer control sig-
nals of said control signals towards said first and second
synchronizers, said first clock synchronizer controller
portion operating responsive to a set of clock relation-
ship control signals; and

a second clock synchronizer controller portion operating to
generate said set of clock relationship control signals
responsive to a SYNC pulse indicative of a comncident
edge between an inverted first clock signal and said
second clock signal, wherein at least a portion of said
clock relationship control signals are used 1n generating,
a set of second domain synchromizer control signals
towards said first and second synchronizers.

2. The synchronizer arrangement as recited 1n claim 1,
wherein said inverted first clock signal and said second clock
signal define a plurality of coincident edges.

3. The synchronizer arrangement as recited in claim 1,
turther comprising a phase locked loop circuit that, respon-
stve to said first clock signal, generates said mverted first
clock signal and said second clock signal.

4. The synchronizer arrangement as recited in claim 1,
turther comprising a first clock signal distribution tree that,
responsive to said first clock signal, generates said mnverted
first clock signal.

5. The synchronizer arrangement as recited 1n claim 1,
wherein said first clock synchronizer controller portion com-
prises a core clock synchronizer controller.

6. The synchronizer arrangement as recited in claim 1,
wherein said second clock synchronizer controller portion
comprises a bus clock synchronizer controller.

7. The synchronizer arrangement as recited in claim 1,
wherein said first clock synchronizer controller portion 1s
operable responsive to a second SYNC pulse that 1s sampled
in said first clock domain by said mverted first clock signal.

8. The synchronizer arrangement as recited in claim 7,
wherein said first clock synchronizer controller portion com-
prises a first domain synchronizer control signal generator
block, operating responsive to a plurality of internal control

il
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signals manufactured based on said set of clock relationship
control signals provided by said second clock synchronizer
controller portion, for generating said set of first domain
synchronizer control signals towards said first and second
synchronizers.

9. The synchronizer arrangement as recited i claim 7,
wherein said first clock synchronizer controller portion 1s
turther operable to generate a set of transfer control signals
indicative of when valid data transfer can occur between said
first clock domain’s circuitry and said second clock domain’s
circuitry.

10. The synchronizer arrangement as recited in claim 1,
wherein said SYNC pulse 1s sampled 1n said second clock
domain by said second clock signal.

11. The synchronizer arrangement as recited in claim 10,
wherein said second clock synchronizer controller portion
COmMprises:

a sync counter and a ratio detector operating responsive to
said sampled SYNC pulse 1n said second clock domain
for determining a sync_ratio signal;

a cycle generator operating responsive to said sync_ratio
signal and said sampled SYNC pulse 1n said second
clock domain for generating a cycle information signal
indicative of a current clock cycle;

a sequence generator operating responsive to said sync_ra-
t10 signal and said sampled SYNC pulse 1n said second
clock domain for generating a sequence signal; and

a second domain synchronizer control signal generator
block operating responsive to said sync_ratio signal,
said sequence signal and said cycle information signal
for generating said set of second domain synchronizer
control signals towards said first and second synchroniz-
ers, wherein said sync_ratio signal and said sequence
signal are provided as said set of clock relationship
control signals to said first clock synchronizer controller
portion.

12. A computer platform with at least two clock domains,
comprising;

iversion circuitry operable to mvert a first clock signal
associated with a first clock domain 1nto an mnverted first
clock signal that 1s used m effectuating a SYNC pulse
during coincident edges of said inverted first clock sig-
nal and a second clock signal associated with a second
clock domain;

first clock synchronizer controller circuitry operating in
said first clock domain and second clock synchronizer
controller circuitry operating i1n said second clock
domain, said first and second clock synchronizer con-
troller circuitry operating responsive to sampled sync
pulses based on said SYNC pulse to generate domain
synchronizer control signals for effectuating data trans-
fer between said first and second clock domains; and

a first synchronizer for transferring data from said first
clock domain to said second clock domain and a second
synchronizer for transferring data from said second
clock domain to said first clock domain, said first syn-
chronizer comprising first and second transmait circuits
clocked by said first clock signal and a receive circuit
clocked by said second clock signal, said first and sec-
ond clock signals having a ratio of N first clock cycles to
M second clock cycles, wherein when N/M>1, said
domain synchronizer control signals configure said
receive circuit to alternately recerve data from said first
transmit circuit and said second transmit circuit for out-
put to said second clock domain and when H/M=1, said
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domain synchronizer control signals configure said first
transmit circuit to output data directly to said second
clock domain.

13. The computer platform as recited 1n claim 12, wherein
said first clock signal and second clock signals have a ratio
selected from the group consisting of 5 first clock signals to 4
second clock signals, 4 first clock signals to 3 second clock
signals, and 1 first clock signal to 1 second clock signal.

14. The computer platform as recited 1n claim 12, wherein
said first clock signal 1s generated by a core clock domain.

15. The computer platform as recited 1n claim 12, wherein
said second clock signal 1s generated by a bus clock domain.

16. The computer platform as recited 1n claim 12, wherein
said 1version circuitry comprises a clock signal distribution
tree.

17. The computer platform as recited 1n claim 12, wherein
said 1nversion circuitry comprises a phase locked loop circuit.

18. A method for effectuating data transfer between a core
clock domain and a bus clock domain, wherein said core
clock domain 1s operable with a core clock signal and said bus
clock domain 1s operable with a bus clock signal, said core
and bus clock signals having a ratio of N first clock cycles to
M second clock cycles, where N/M=1, comprising:

responsive to a SYNC pulse indicative of comncident edges

between an inverted core clock signal and said bus clock
signal, determining sync ratio, cycle, and sequence
information by a bus clock synchromzer controller and
generating a plurality of bus domain synchronizer con-
trol signals based thereon;

providing said sync ratio, cycle, and sequence information

to a core clock synchronizer controller;

responsive to said sync ratio and sequence information

provided by said bus clock synchronizer controller and
to said SYNC pulse, determining core domain’s cycle
and sequence information by said core clock synchro-
nizer controller;

based on skew state, sync ratio and sync configuration

information, generating a plurality of core domain syn-
chronizer control signals using said cycle and sequence
information provided by said core clock synchronizer
controller; and

transferring data from said core clock domain to said bus
clock domain using a first synchronizer, wherein when
N/M>1, said control signals determine that the data is
alternately transferred from first and second transmit
circuits clocked by said first clock signal to a receive
circuit clocked by said second clock signal for output to
sald bus clock domain and when N/M=1, said control
signals determine that said first transmait circuit outputs
data directly to said bus clock domain.

19. The method as recited 1n claim 18, wherein said
inverted core clock signal 1s generated by a clock signal
distribution tree.

20. The method as recited 1n claim 18, wherein said
inverted core clock signal 1s generated by a phase locked loop
circuit.

21. A system {for effectuating data transier between a core
clock domain and a bus clock domain, wherein said core
clock domain 1s operable with a core clock signal and said bus
clock domain 1s operable with a bus clock signal, said core
and bus clock signals having a ratio of N first clock cycles to
M second clock cycles, where N/M=1, comprising:

means, responsive to a SYNC pulse indicative of coinci-
dent edges between an mverted core clock signal and
said bus clock signal, for determining sync ratio, cycle,
and sequence information in said bus clock domain;
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means for generating a plurality of bus domain synchro-
nizer control signals based on said sync ratio, cycle, and
sequence 1nformation;

means, responsive to said sync ratio, cycle, and sequence
information and to said SYNC pulse, for determining
core domain’s cycle and sequence mformation;

means for generating a plurality of core domain synchro-
nizer control signals using said cycle and sequence
information provided by said core clock synchronizer
controller; and

means, responsive to said bus domain synchronizer control
signals and said core domain synchronizer control sig-
nals, for transferring data from said core clock domain to
saild bus clock domain using a first synchromzer,
wherein when N/M>1, said control signals determine
that the data 1s alternately transferred from first and
second transmit circuits clocked by said first clock sig-
nal to a receive circuit clocked by said second clock
signal for output to said bus clock domain and when
N/N=1, said control signals determine that said first
transmit circuit outputs data directly to said bus clock
domain.

22.'The system as recited in claim 21, wherein said inverted
core clock signal 1s generated by a clock signal distribution
tree.

23.The system as recited in claim 21, wherein said inverted
core clock signal 1s generated by a phase locked loop circuat.

24. The synchronizer arrangement as recited in claim 1,
wherein said coincident edge comprises one of (a) a rising
edge 1n said mverted first clock signal and a falling edge 1n
said second clock signal and (b) a falling edge 1n said inverted
first clock signal and a rising edge 1n said second clock signal.
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25. The synchronizer arrangement as recited 1n claim 1,
wherein each of said first, second and third transfer circuits
comprises a multiplexer-register block.

26. The computer platform as recited in claim 12, wherein
said coincident edges comprise one of (a) a rising edge 1n said
inverted first clock signal and a falling edge in said second
clock signal and (b) a falling edge 1n said inverted first clock
signal and a rising edge 1n said second clock signal.

277. The computer platiorm as recited 1in claim 12, wherein
cach of said first and second transmit circuits and said receive
circuit comprises a multiplexer-register block.

28. The method as recited 1n claim 18, further comprising,
generating said SYNC pulse upon coincidence of one of (a) a
rising edge 1n said inverted core clock signal and a falling
edge 1n said bus clock signal and (b) a falling edge 1n said
inverted core clock signal and a rising edge 1n said bus clock
signal, said SYNC pulse being sampled 1n said bus clock
domain and said core clock domain to generate sync_B and
sync signals, respectively.

29. The method as recited 1n claim 18, wherein each of said
first and second transmit circuits and said receive circuit
comprises a multiplexer-register block.

30. The system as recited 1n claim 21, further comprising
means for generating said SYNC pulse upon coincidence of
one of (a) a rising edge 1n said iverted core clock signal and
a falling edge 1n said bus clock signal and (b) a falling edge 1n
said 1nverted core clock signal and a rising edge 1n said bus
clock signal, saild SYNC pulse being sampled 1n said bus
clock domain and said core clock domain to generate sync_B
and sync signals, respectively.

31. The system as recited in claim 21, wherein each of said
first and second transmit circuits and said recerve circuit
comprises a multiplexer-register block.
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